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Supporting Information 01.

Figure S1. (a) Images of PMMA solution, and (b) of PMMA solution with 1.0wt% of graphene

flakes.
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Figure S2. Optical microscope images of PMMA with various contents of graphene flakes: (a)

PMMA without graphene, (b) 0.2 wt%, (c) 0.4 wt%, (d) 0.6 wt%, (e) 0.8 wt%, and (f) 1.0 wt%.
Average grain sizes of each sample were measured as =1.1 um, ~1.4 pm, =1.8 um, =2.4 um, and
~2.9 um for the PMMA with different graphene contents of 0.2, 0.4, 0.6, 0.8 and 1.0 wt%,

respectively.
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Figure S3. Nanoindentation results of PMMA with different types of graphene: graphene flake,
RGO, and GO. (a) The extracted modulus and (b) hardness values at 500 nm as a function of
graphene content in PMMA. The commercially available GO solution (Graphene Supermarket)
was used to make the GO/PMMA composite. The RGO solution was synthesized by reducing

the GO using hydrazine. The detailed synthesis method of RGO can be found in ref [S1].

[S1] B. Hwang, M. Park, T. Kim and S. M. Han, RSC Advances, 2016, 6, 67389-67395.
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Figure S4. XPS spectrum obtained from (a) pristine graphene flakes, (b) RGO sheets, and (c)

GO sheets. The oxygen contents of graphene flake, RGO, and GO were ~7.0 %, ~16.4%, and

~32.1%, respectively. The small fraction of oxygen is known to be detected in the XPS analysis

of pristine graphene flakes due to the small contamination by water, CO,, or oxygen.[S2]

[S2] M. Yi, Z. Shen, X. Zhang and S. Ma, J. Phys. D: Appl. Phys. 2013, 46, 025301.
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Figure SS. Illustrations of neutral plane shift when the top encapsulting polymer layer is
replaced with the PMMA/graphene composite of higher modulus. The graphene holds the
polymer chain, which results in the increase in modulus of the polymer/graphene composite. The
enhanced modulus then shifts the neutral plane toward the OLED layers that in turn reduces the

bending strain imposed on the OLED layers for enhanced reliability.
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Type Material M(del:)"s Thi‘:"::)ess
PET 23 100,000

PMMA/Gr | 2.9 — 7.7 2800

AlO, 170 100

ca::;de 70 200

OLED oLeD EPL 2.3 80

Conducting 21 120

Polyer

Anode (ITO) 190 150

AlO, 170 100

PMMA/Gr | 2.9 — 7.7 1300

Barrier (PI) 8.0 1900

Gate (Mo) 300 370

l"é‘;ﬁ:)‘" 80 170

Channel (Al) 180 140

SiNx 95 900
PET 23 100,000

Figure S6. Illustration of the structure of conventional OLED device and table indicating the

elastic modulus and thickness of each layer used for the calculation of neutral plane position.
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Figure S7. Schemetics of oxygen or water molecule transition through (a) PMMA or (b) PMMA

with graphene flakes.
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Figure S8. Image of transparent PMMA/graphene composites with 1.0 wt% on PC substrate.



